In situ hybridization analysis of vasopressin gene transcription in the paraventricular and supraoptic nuclei of the rat: regulation by stress and glucocorticoids.
Hypothalamic arginine vasopressin-containing neurons are prime elements in central circuits regulating the hypothalamo-pituitary-adrenocortical stress response. It is known that release and synthesis of vasopressin are cued by stressful stimuli. The present study was designed to assess effects of stress on vasopressin transcription and mRNA expression in defined populations of vasopressin neurons in the hypothalamic paraventricular (PVN) and supraoptic (SON) nuclei. Intron- and exon-directed in situ hybridization analyses were used to examine stress regulation of vasopressin heteronuclear (hn) gene transcription and mRNA levels. Actions of glucocorticoids on vasopressin induction were tested using adrenalectomized rats implanted with subcutaneous pellets delivering a constant, physiological dose of corticosterone. Pellet implantation into adrenalectomized rats allows for normal pituitary-adrenal tone in the absence of the ability to mount glucocorticoid stress responses. Elevation of vasopressin heteronuclear (hn) RNA in the medial parvicellular PVN was observed in both normal and adrenalectomized-corticosterone replaced rats as early as 30 minutes after stress initiation. In control rats, vasopressin hnRNA levels returned to baseline by 120 minutes. In contrast, vasopressin hnRNA remained elevated 120 minutes post-restraint in adrenalectomized-corticosterone replaced rats, indicating that the glucocorticoid stress response acts to rapidly inhibit vasopressin transcription. Significant changes in post-stress vasopressin mRNA levels were observed in the parvicellular PVN of control rats 90 minutes following restraint induction, returning to normal expression profiles by 120 minutes. Adrenalectomized-replaced rats showed elevated vasopressin mRNA expression at all time points examined. No changes were observed in magnocellular vasopressin-containing nuclei at any time point, suggesting that magnocellular vasopressin is not induced by this particular stress paradigm. Thus, in parvicellular paraventricular nucleus neurons the vasopressin gene is rapidly induced by stress. Restraint-induced up-regulation of vasopressin transcription is limited by glucocorticoid secretion, consistent with direct actions of glucocorticoid negative feedback on the vasopressin gene in parvicellular neurons.